(19) 



J 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

05.03.2003 Bulletin 2003^10 

(21) Application number: 02251845.0 

(22) Date of filing: 14.03.2002 



(11) EP 1 288 702 A1 

EUROPEAN PATENT APPLICATION 

(51) Intel 7: G02F 1/13357, F21V 8/00 



(84) Designated Contracting States: 


(72) 


Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Maeda, Satoshi, c/o Fujitsu Limited 


MCNLPTSETR 




Kawasaki-shi, Kanagawa 211-8588 (JP) 


Designated Extension States: 


• 


Arltake, Hirokazu, c/o Fujitsu Limited 


AL LT LV WiK RO SI 




Kawasaki-shI, Kanagawa 211-8588 (JP) 




• 


Satake, Takao, c/o Fujitsu Kasei Limited 


(30) Priority: 31.08.2001 JP 2001263922 




Yokohama-shi, Kanagawa 244-8508 (JP) 


(71) Applicants: 


(74) 


Representative: Stebbing, Timothy Charles 


• FUJITSU LIMITED 




Haseltine Lake & Co., 


Kawasaki-shi, Kanagawa 211-8588 (JP) 




Imperial House, 


• Fujiteu Kasel Limited 




15-19 KIngsway 


Yokohama-Shi Kanagawa 224-8505 (JP) 




London WC2B BUD (GB) 



(54) Lighting apparatus and liquid crystal display 

(57) A backlight for an LCD panel comprising light 
sources 12a, 12b for emitting light, a plurality of light re- 
flection portions 20 formed on a reflection side for re- 
flecting light incident from the light sources, and a linear 
photoconductor 14 for causing the light to exit from an 
exit side opposite the reflection side, the planes of the 



reflection portions being respectively tilted at angles 
which converge the light to a viewer's eye. Angles of the 
light reflection portions are set so that exit angles of light 
exiting from the linear photoconductor are required an- 
gles, whereby the backlight can have a unifonn light in- 
tensity distribution, giving an LCD panel good display 
characteristics. 
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Description 

[0001 ] The present Invention relates to a lighting apparatus and a liquid crystal display, more specifically to a lighting 
apparatus which can provide illunnination with a uniform light Intensity, and a liquid crystal display using the lighting 
s apparatus. 

[0002] Liquid crystal panels, which are thin and light, are widely used as display screens of portable Infomiatlon 
temninals. 

[0003] Types of such panel include transmission type liquid crystal panels and reflection type liquid crystal panels. 
[0004] FIG. 28A is a sectional view of a transmission type liquid crystal panel. As shown in FIG. 28A, a deflector 214 
'0 is sandwiched between a glass substrate 210 and a glass substrate 212. Bus lines 21 6, etc. are formed on the glass 
substrate 212. Liquid crystal 220 is sealed between the glass substrate 212 and the glass substrate 218. Color filters 
224a. 224b, 224c are sandwiched between the glass substrate 218 and the glass substrate 222. A deflector 228 is 
sandwiched between the glass substrate 222 and the glass substrate 226. 

[0005] FIG. 28B is a sectional view of a reflection type liquid crystal panel. As shown In FIG. 28B, the reflection type 
'5 panel has a mirror 230 sandwiched between a glass substrate 210 and a glass substrate 212. The min-or 230 reflects 
light introduced from above the upper surface of the reflection type liquid crystal panel. 

[0008] Liquid crystal itself, which does not emit light, needs illumination to permit viewing of the infomriation on a 
liquid crystal panel. 

[0007] In the transmission type liquid crystal panel, the lighting apparatus (backlight) is disposed below the panel. 
20 [0008] In the reflection type liquid crystal panel, when viewing the display screen In circumstances where light, such 
as sunlight, room lights, are present, the lighting apparatus is not essential. However, the lighting apparatus Is necessary 
to enable the viewing also In dim light or darkness. In the reflection type liquid crystal panel, the lighting apparatus is 
disposed above the panel. 

[0009] FIG. 29 is a perspective view of a proposed lighting apparatus. As shown in FIG. 29, the proposed lighting 
25 apparatus includes LEDs 112a, 112b which emit light, a linear photoconductor 114 which transforms light from the 
LEOs 1 12a, 11 2b to linear light (linear beams) and emits the linear light, and a plane photoconductor 1 1 6 which trans- 
fomns the linear light from the linear photoconductor 114 to plane light (a planar beam) and emits the plane light. A 
plurality of light reflection portions 120 are fomned in stripes on the back side, i.e., the reflection side of the linear 
photoconductor 114. A reflection coating 118 is fomned on the reflection side of the linear photoconductor 114. 
30 [0010] FIG. 30 is a perspective view and a plan view of the linear photoconductor of the proposed lighting apparatus. 
As shown in FIG. 30, light emitted by the LEDs 112a, 11 2b is reflected on the light reflection portions 120 fomned on 
the back side, i.e., the reflection side of the linear photoconductor 1 1 4. The light linearly emitted from the emission side 
of the linear photoconductor 114 is transformed to plane light by the plane photoconductor 116 and emitted from the 
plane of the plane photoconductor 116. 
35 [0011] Such a proposed lighting apparatus can illuminate the liquid crystal panel in plane (all over), and is described 
in the specification of Japanese Patent Laid-Open Publication No. Hei 10-260405/1998. 

[0012] However, the above-described proposed lighting apparatus cannot light the liquid crystal panel 108 with a 
unifomn intensity as will be described below. 

[001 3] FIG. 31 is a diagrammatic view showing relationships between the human eye and the display screen. When 
40 the display screen of the liquid crystal panel 1 08 having a 2 inch (5.08 cm)-screen size is viewed at a 350 nrun-distant 
position, light forming 0 degrees to the (perpendicular at the) center of the display screen arrives at the eye, and light 
forming ±3 degrees to both ends of the display screen reaches the eye. 

[0014] FIG. 32 is a graph of an intensity distribution of light emitted by the linear photoconductor of the proposed 
lighting apparatus. Positions from the center of the linear photoconductor 114 are shown on the horizontal axis, and 
45 light intensities are shown on the vertical axis. The intensity distribution of light which actually arrives at the human 
eye when the light emitted from the center of the linear photoconductor 114fomris 0 degrees, and the light emitted from 
the ends of the linear photoconductor 114 fomis ±3 degrees. 

[0015] As shown In FIG. 32, in the proposed lighting apparatus, the intensity distribution of light emitted from the 
linear photoconductor 1 1 4 is not uniform and has high light intensities and low light intensities. The intensity distribution 
50 of the light emitted from the linear photoconductor 114 determines the intensity distribution of the light emitted from 
the plane photoconductor 1 1 6. The intensity distribution of the light emitted from the plane photoconductor 1 1 6, there- 
fore, is not unifomri and has high light intensities and low light intensities. Accordingly, a liquid crystal display using the 
proposed lighting apparatus cannot have good display characteristics. 

[001 6] It is therefore desirable to provide a lighting apparatus (illumination apparatus or backlight) which can provide 
55 illumination with a unifomri light Intensity, and a liquid crystal display having good display characteristics. 

[0017] According to one aspect of the present invention, there is provided a lighting apparatus comprising a light 
source for emitting light, and a linear photoconductor for reflecting the light incident on a plurality of light reflection 
portions formed on a reflection side from the light source, and causing the light to exit linearly from an exit side opposed 
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to the reflection side, planes of the plurality of light reflection portions being tilted at angles which converge the light 
to a viewer's eye (the human eyes watching). 

[001 8] According to another aspect of the present invention, there is provided a lighting apparatus comprising a light 
source for emitting light, and a linear photoconductor for reflecting the light incident on a plurality of light reflection 
5 portions fomned on a reflection side from the light source, and causing the light to exit linearly from an exit side opposite 
the reflection side, planes of the plural light reflection portions being respectively tilted so that the light exits substantially 

perpendicular to the longitudinal direction of the linear photoconductor 

[0019] According to another aspect of the present invention, there is provided a liquid crystal display comprising a 
lighting apparatus including a light source for emitting light, a linear photoconductor for reflecting light incident on a 
10 plurality of light reflection portions formed on the reflection side from the light source and causing the light to exit linearly 
from the exit side opposite the reflection side, and a surface photoconductor optically coupled to the linear photocon- 
ductor and causing the light entering from the linear photoconductorto exit in plane; and a liquid crystal panel illuminated 
by the lighting apparatus, planes of the plural light reflection portions being tilted at angles which converge the light to 
the human eyes watching. 

15 [0020] According to a further aspect of the present invention, there is provided a liquid crystal display comprising a 
lighting apparatus including a light source for emitting light, a linear photoconductor for reflecting light incident on a 
plurality of light reflection portions fornied on the reflection side from the light source and causing the light to exit linearly 
from the exit side opposite the reflection side, and a surface photoconductor optically coupled to the linear photocon- 
ductor and causing the light entering from the linear photoconductorto exit in plane; and a liquid crystal panel illuminated 

20 by the lighting apparatus, planes of the plural light reflection portions being respectively tilted at angles which cause 
the light to exit substantially perpendicular to the longitudinal direction of the linear photoconductor. 
[0021 J As described above, according to the present Invention, angles of the light reflection portions are set so that 
exit angles of light exiting from the linear photoconductor are required angles, whereby the lighting apparatus can have 
a uniform light intensity distribution. The application of the lighting apparatus can provide a liquid crystal display of 

25 good display characteristics. 

[0022] Reference is made, by way of example only, to the accompanying drawings in which: 

FIG. 1 A is a perspective view of the lighting apparatus according to a first embodiment of the present invention. 
FIG. 1 B is a plan view of the lighting apparatus according to a first embodiment of the present invention. 
30 FlGs. 2A and 2B are plan views of the lighting apparatus according to the first embodiment of the present invention. 

FIG. 3 is a diagrammatic view explaining relationships between the human eyes and the display screen. 
FIG. 4 IS a plan view taking into consideration refractive indexes, etc. in the air 

FIG. 6 is a graph of examples of tilt angles of the planes of the light reflection portions of the lighting apparatus 
according to the first embodiment of the present invention. 
35 FIG. 6 is a graph of a light intensity distribution of the lighting apparatus according to the first embodiment of the 

present invention. 

FIG. 7 is a plan view of the lighting apparatus according to a second embodiment of the present invention. 
FIG. 8 is a diagrammatic view of relationships between the human eyes and a display screen 
FIG. 9 is a graph of example of tilt angles of the planes of the light reflection portions of the lighting apparatus 
40 according to the second embodiment of the present invention. 

FIG. 10 is a plan view of the lighting apparatus according to a third embodiment of the present invention. 

FIG, 11 is a graph of examples of tilt angles of the planes of the light reflection portions of the lighting apparatus 

according to a third embodiment of the present invention. 

FIG. 12 is a plan view of the lighting apparatus according to a fourth embodiment of the present invention. 
45 FIG. 1 3 is a graph of examples of tilt angles of the planes of the light reflection portions of the lighting apparatus 

according to a fourth embodiment of the present invention. 

FIG. 14 is a graph of a light intensity distribution of the lighting apparatus according to the fourth embodiment of 
the present invention. 

FIG. 15 is a plan view of the lighting apparatus according to a fifth embodiment of the present invention. 
so FIG. 16 is a graph of examples of tilt angles of the planes of light reflection portions of the lighting apparatus 

according to the fifth embodiment of the present invention. 

FIG. 17 is a graph of the light intensity distribution of the lighting apparatus according to the fifth embodiment of 
the present invention. 

FIG. 1 8 is a plan view of the lighting apparatus according to a modification of the fifth embodiment of the present 
55 invention. 

FIG. 19 is a plan view of the lighting apparatus according to a sixth embodiment of the present invention. 

FIG. 20 is a perspective view of the lighting apparatus according to a seventh embodiment of the present invention. 

FIG. 21 Is a plan view of the lighting apparatus according to an eighth embodiment of the present Invention. 
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FIG. 22 is a plan view of the lighting apparatus according to a ninth ennbodlment of the present invention. 
FIG. 23 is a perspective view of the lighting apparatus according to a tenth embodiment of the present invention. 
FIG. 24 Is a perspective view of the lighting apparatus according to an eleventh embodiment of the present inven- 
tion. 

5 FIG. 25 is a graph of examples of tilt angles of the planes of the light reflection portions of the lighting apparatus 

according to the eleventh embodiment of the present invention. 

FIG. 26 is a perspective view of the liqu id crystal display according to a twelfth embodiment of the present Invention. 
FIG. 27 is a perspective view of the liquid crystal display according to a thirteenth embodiment of the present 
invention. 

10 FIG. 28A is a sectional view of a transmission-type liquid crystal panel. 

FIG. 28B is a sectional view of a reflection-type liquid crystal panel. 
FIG. 29 is a perspective view of the proposed lighting apparatus. 

FIG. 30 is a perspective view and a plan view of the linear photoconductor of the proposed lighting apparatus. 
FIG. 31 is a conceptual view of relationships between the human eyes and the display screen. 
15 FIG. 32 is a graph of the intensity distribution of light exiting from the linear photoconductor of the proposed lighting 

apparatus. 

FIG. 33 is a plan view of the proposed lighting apparatus. 
[Principle of the Invention] 

20 

[0023] Before the lighting apparatus according to a first embodiment of the present invention is explained, the prin- 
ciple of the present Invention will be explained. 

[0024] The inventors of the present invention have made, studies of the reasons for the proposed lighting apparatus 
(backlight) being unable to illuminate a liquid crystal panel with a unifomn light Intensity. 
25 [0025] FIG. 33 is a plan view of the proposed light apparatus. 

[0026] Light exiting at a 0 degrees exit angle from the planes of light reflection portions 120 formed at the position 
A which is the center of a linear photoconductor 1 1 4 was traced back, and the traced-back rays reached substantially 
the center of the LED 11 2a. 

[0027] Light exiting at, e.g., a 3 degrees exit angle from the planes of light reflection portions 120 fomried at the 
30 position C which is near the left end of the linear photoconductor 1 1 4 was traced back, and the traced-back rays reached 
substantially the center of the LED 1 1 2a. An emission angle of the traced back light was 3 degrees, because when the 
human eyes watch a 2 inch (5.08 cm)-liquid crystal panel at a distance of around 350 mm, the light arriving at the 
human eyes has an about 3 degree exit angle. 

[0028] Light exiting at, e.g., a 1 .5 degrees exit angle from the planes of the light reflection portions 1 20 fonned at 
35 the position B which Is intemrtediate between the positions A and C was traced back, and the traced-back rays reached 
a position offset from the center of the LED 112a. 

[0029] The about 0 degrees-exit angle light exiting from the position A had Its light intensity assessed, and it was 
found to be high. Likewise, the about 3 degrees-exit angle light exiting from the position C also had high intensity. On 
the other hand, the about 1 .5 degrees-exit angle light exiting from the position B was found to have low intensity. 

40 [0030] Based on the above, it has been found that when light exits at an angle as an exit angle, which pemnits the 
light to arrive at the human eye, and the source of the light given by the back-tracing reaches substantially the center 
of the LED, high Intensity is perceived by the eye. Meanwhile, when light exits at an angle as an exit angle, which 
pemiits the light to arrive at the eye, and the source of the light given by the back-tracing is offset from the center of 
the LED, low Intensity is perceived. 

45 [0031] Based on the above-described studies, the inventors of the present application have had an Idea that tilt 
angles of the light reflection portions are respectively set so that an exit angle of light rays is an angle which permits 
the light to arrive at a viewer's eyes, and the source of the light given by tracing back the rays reaches substantially 
the center of the LED, whereby the light Is converged on the viewer's eyes, and a unifomi light Intensity distribution 
can be obtained. 

50 

[A First Embodiment] 

[0032] The lighting apparatus according to a first embodiment of the present Invention will be explained with reference 
to FtGs. 1 A to 6. FIG. 1 A is a perspective view and FIG. IB is a plan view of the lighting apparatus according to the 
55 present embodiment FIG. 2 shows schematic side views revealing the constitution of the lighting apparatus: FIG. 2A 
is an overall side view and FIG. 2B is a partial side view showing tilt angles of light reflection portions. FIG. 3 is a 
diagrammatic view showing relationships between the human eyes and a display screen. FIG. 4 is a side view which 
takes into consideration refractive indexes, etc. In the air. FIG. 5 is a graph of examples of the tilt angles of the light 



4 



f 



EP1 288 702A1 



reflection portions of the lighting apparatus according to the present embodiment. FIG. 6 is a graph of a light intensity 
distribution of the lighting apparatus according to the present embodiment. 

[0033] As shown in FIGs. 1A and 1B, the lighting apparatus 10 according to the present embodiment comprises 
LEDs 1 2a, 1 2b which emit light, and a linear photoconductor 1 4 which converts the light emitted by the LEDs 1 2a, 1 2b 

5 to linear light (rays oriented substantially in one direction) and emits the linear light, and a surface photoconductor 1 6 
optically coupled with the linear photoconductor 1 4, which converts the linear light to surface light and emits the surface 
light. A reflection coated film (reflection coating) 18 is formed on the reflection side of the linear photoconductor 14. 
[0034] The LEDs 12a, 12b are disposed on both ends of the linear photoconductor 14. A distance aL (see FIG. 2A) 
between the linear photoconductor 14, and the LED 12a and the LED 12b Is set to be, e.g., 0 mm (i.e. no separation). 

10 [0035] The linear photoconductor 14 is formed generally as a square pole (square-section rod). The linear photo- 
conductor 14 is made of, e.g., glass or plastics. The refractive index Ng of the linear photoconductor 14 is, e.g., 1 .51 , 
and its thickness t is, e.g., 3 mm. The length L of the photoconductor 14 is, e.g., 37 mm for a lighting apparatus used 
in, e.g., a 2 inch (5.08 cm)-liquid crystal display. The display screen of the 2 inch (5.08 cm)-liquld crystal display has 
a width of around 35 mm. The 37 mm-length L of the linear photoconductor 14 ensures a 2 mm-margin. 

15 [0036] On the reflection side of the linear photoconductor 1 4, a plurality of the light reflection portions 20 are fomned 
in stripes. The light reflection portions 20 cause light to exit from the exit side of the linear photoconductor 14. One 
hundred and fifty (150), for example, light reflection portions 20 are formed at, e.g., a 0.23 mm-pitch. 
[0037] As shown in FIGs. 2A and 2B, tilt angles 6(n) of the planes of the light reflection portions 20a, 20b are set so 
that light can exit at required exit angles 6ouT(n) corresponding to exit positions. The light reflection portions 20a, 20b 

20 are fonned in large number on the reflection side of the linear photoconductor 14 but are omitted in FIGs. 2A and 2B. 
[0038] As shown in FIG. 3, when the 2 inch (5.08 cm)-liquid crystal panel Is watched at a position distant by 350 mm, 
light fomning 0 degrees to the center of the display screen is incident on the viewer's eyes, and light forming ±2.8 
degrees to both ends of the screen is also incident on the viewer's eyes. 

[0039] An exit angle eouT(") ''9^^ exiting the linear photoconductor 14 Is reflected at an exit angle at which the 
25 light exits the surface photoconductor 1 6. For light exiting from the center of the linear photoconductor 1 4, a tilt angle 
6(n) of the planes of the light reflection portions 20 is set so that an exit angle 6oyj(n) is, e.g., 0 degrees. For light 
exiting from positions between the center of the linear photoconductor 14 and the ends thereof, tiit angles 8(n) of the 
planes of the light reflection portions 20 are respectively set so that exit angles 6ouT(n) are respectively angles con-e- 
sponding to the exit positions. For light exiting from positions near the ends of the linear photoconductor 14, tilt angles 
30 e(n) of the planes of the light reflection portions 20 are set so that exit angles 6out(>^) a^^i e.g.. ±2.8 degrees. Resultantly, 
very good display characteristics can be obtained. 

[0040] In order to set an exit angle eouT(ri} exiting the linear photoconductor 14 at an angle con^esponding to an exit 
position, a tilt angle 6(n) is given by the following fonmula. 

[0041] As shown In FIGs. 2A and 28, in the light reflection portions 20a, a tilt angle e(n) of the planes of the light 
35 reflection portions 20a is set so that light totally reflected on the plane on the exit side of the linear photoconductor 14 
can be totally reflected at the light reflection portions 20a and can exit from the exit side of the linear photoconductor 
14 at exit angles OoltK'^) corresponding to the exit positions. 
[0042] In this case, the following formula is given. 



[0043] In Fomriula 1 , n means an n-th light reflection portion. X(n) means a distance from the end surfaces of the 
45 linear photoconductor 14 to an n-th light reflection portion. Gourln) means an exit angle of light reflected on an n-th 
light retiection portion. 

[0044] When Fonnula 1 is transfomied, a tilt angle G(n) of the planes of the light reflection portions 20a is expressed 
by the following formula. 



40 



AL+X{n) 



\£in^2'B{n)-Qo^JJ{n))=^ 
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[0045] In the light reflection portions 20b, a tilt angle e(n) of the planes of the light reflection portions 20b is set so 
that light incident on the light reflection portions 20b directly from the LED 12a can be totally reflected on the planes 
of the light reflection portions 20b and can exit from the exit side of the linear photoconductor 14 at exit angles Botrr 
(n) corresponding to exit positions. 
5 [0046] in this case, the following formula is given. 

10 

[0047] When Formula 3 is transfomied, a tilt angle G(n) of the planes of the light reflection portions 20b Is expressed 
by the following formula. 
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[0048] As shown In FIG. 2B. a tilt angle GJn) of the left planes of the light reflection portions as viewed in the drawing 
25 is set so that light applied by the LED 12a disposed on the left side as viewed in the drawing exits at a required exit 
angle GouT{n). On the other hand, a tilt angle Q^{n) of the right planes of the light reflection portions as viewed in the 
drawing is set so that light applied by the LED 1 2b disposed on the right side as viewed in the drawing exits at a required 
exit angle 6otn-(n). 

[0049] Strictly, as shown in FIG. 4, if the distance AL between the linear photoconductor 14, and the LEDs 1 2a, 12b 
30 is not 0 mm, an optical path is deflected because the refractive index of the air is different from the refractive index 
Ng of the linear photoconductor. However, the deflection of the optical path due to such factor is ignorable in giving tilt 
angles e(n) of the planes of the light reflection portions 20. To simplify the calculation formulas, influences of such 
factors are ignored here. 

[0050] Strictly, as shown in FIG. 4, light is emitted in surfaces from vicinities of the centers of the LEDs 12a, 12b. In 
35 giving tilt angles e(n) of the planes of the light reflection portions 20, the calculation fomiulas are given on the assumption 

that light is emitted from the central points of the LEDs 1 2a, 1 2b. Enx)rs made by the thus given fomiulas are negligible. 

To simplify the calculation fonnulas, it is assumed that light is emitted from the central points of the LEDs 12a, 12b. 

[0051] Next, examples of specific set values of tilt angles e(n) of the planes of the light reflection portions 20 of the 

present embodiment will be explained with reference to FIG. 5. FIG. 5 is a graph of the examples of tilt angles e{n) of 
40 the planes of the light reflection portions . Distances X(n) from the end surfaces of the linear photoconductor 1 4 to the 

light reflection portions 20 are shown on the horizontal axis. Tilt angles G(n) of the planes of the light reflection portions 

20 are shown on the vertical axis. 

[0052] In this embodiment as well as in the second to sixth embodiments described below, the tilt angles e(n) were 
calculated under the conditions that the display size was 2 Inches, the display screen width was 35 mm, the number 

45 of the light reflection portions 20 was 150, the pitch of the light reflection portions 20 was 0.23 mm, the thickness t of 
the linear photoconductor 14 was 3 mm, the length L of the linear photoconductor 14 was 37 mm, the distance AL 
between the LEDs 12a, 12b and the linear photoconductor 14 was 0 mm, the refractive index of the linear photocon- 
ductor 14 was 1 .51 , and the distance between the viewer and the display screen was 350 mm. 
[0053] When tilt angles 6(n) of the planes of the light reflection portions 20 are set as shown in FIG. 5, the tight 

so Intensity distribution shown In FIG. 6 is obtained. FIG, 6 is a graph of a light intensity distribution of the lighting apparatus 
according to the present embodiment. Positions in (along) the linear photoconductor are shown on the horizontal axis, 
and light intensity is shown on the vertical axis. Here, light exiting from the center of the linear photoconductor 14 at 
an angle 0 degrees to the nornial, reaches the viewer along with light from the ends of the linear photoconductor 14, 
at angles of ±2.8 degrees. An intensity distribution of light which actually can reach the human eyes Is given. 

55 [0054] As seen in FIG. 6, the lighting apparatus according to the present embodiment can provide a substantially 
uniform light intensity distribution. 

[0055] As described above, the lighting apparatus according to the present embodiment is characterized mainly in 
that tilt angles e(n) of the planes of the light reflection portions 20 are set so that light can exit at required exit angles 
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®out(") corresponding to exit positions of the light from the linear photoconductor 14. 

[0056] In the proposed lighting apparatus shown in FIG. 29, because all the planes of the light reflection portions 
are set at the same tilt angle a (see FIG. 31), light cannot exit at required exit angles corresponding to exit positions. 
Accordingly, the proposed lighting apparatus cannot make a uniform Intensity distribution of light reaching the viewer's 
eye. 

[0057] In contrast to this, in the present embodiment, tilt angles (n) of the planes of the light reflection portions 20 
are set so that light can exit at required exit angles Oourln) corresponding to exit positions of the light from the linear 
photoconductor 14. Accordingly, the light can be converged on the viewer's eye. Thus, according to the present em- 
bodiment, an Intensity distribution of light arriving at the human eye can be made unifonn. Thus, according to the 
present embodiment, good display characteristics can be realized. 

[A Second Embodiment] 

[0058] The lighting apparatus according to a second embodiment of the present invention will be explained with 
reference to FIGs. 7 to 9. FIG. 7 is a plan view of the lighting apparatus according to the present embodiment. FIG. 8 
Is a conceptual view of relationships between a viewer and a display screen. FIG. 9 is a graph of examples of tilt angles 
of planes of light reflection portions of the lighting apparatus according to the present embodiment. Parts of the second 
and subsequent embodiments corresponding to those of the lighting apparatus according to the first embodiment are 
represented by the same reference numbers so as to allow their explanation to be simplified or omitted. 
[0059] The lighting apparatus according to the present embodiment is characterized mainly in that tilt angles e(n) of 
the planes of the light reflection portions 20 are respectively set so that light exits from a linear photoconductor 1 4 at 
a 0 degrees exit angle BouT^n). in a direction perpendicular to the longitudinal direction of the photoconductor 1 4. 
[0060] In the lighting apparatus according to the first embodiment, tilt angles G(n) of the planes of the light reflection 
portions 20 are respectively set so that required exit angles eouT(n) can be provided corresponding to exit positions. 
In practice, the viewer is not always nomnal to the surface photoconductor 16. On the other hand, even when exit 
angles OouT(n) are set uniformly to be 0 degrees, light spreads to some extent on its way to a viewer 350 mm from 
the display screen, and actually the same light intensity distribution as that of the first embodiment can be provided. 
Setting exit angles eouT(n) to be unifonn facilitates the calculation for giving tilt angles e(n) of the planes of the light 
reflection portions 20. 

[0061] Thus, in the present embodiment, exit angles OouT(n) are set uniformly at 0 degrees. 

[0062] In the present embodiment, to set exit angles Goijr(n) unifomnly at 0 degrees , Fomnula 2 and Formula 4 have 

the value eouT(n)=0 degrees substituted In them. 

[0063] When Fonnula 2 has substituted eouT(n)=0 degrees, tilt angles e(n) of the planes of the light reflection portions 
20a are expressed by the following fonnula. 



tan*" 



<9(n) = . 



3 

-t 
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(5) 



[0064] When the Formula 4 has substituted OouT{n)=0 degrees, tilt angles e{n) of the planes of the light reflectfon 
portions 20b are expressed by the following fonnula. 
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[00651 Examples of set values of till angles e(n) of the planes of the light reflection portions of the lighting apparatus 
according to the present embodiment will be explained with reference to FIG. 9. FIG. 9 Is a graph of examples of tilt 
angles e(n) of the planes of the light reflection portions given by the above-described fonnulas. Distances from the end 
surfaces of the linear photoconductor 14 to the light reflection portions 20a, 20b are shown on the horizontal axis. Tilt 

5 angles 6(n) of the planes of the light reflection portions 20a, 20b are shown on the vertical axis. 
[0066] The tilt angles e(n) were calculated under the same conditions as in the first embodiment. 
[0067] When tilt angles e(n) of the planes of the light reflection portions 20a, 20b are set to be as shown in FIG. 9, 
exit angles Ooujln) of light rays from the linear photoconductor 14 are all 0 degrees, and substantially the same unifomi 
light intensity distribution as that of the first embodiment can be provided. Thus, the present embodiment as well as 

10 the first embodiment can realize good display characteristics. 

[A Third Embodiment] 

[0068] The lighting apparatus according to a third embodiment of the present invention will be explained with reier- 
15 ence to FIGs. 10 and 11 . FIG. 10 is a plan view of the lighting apparatus according to the present embodiment. FIG. 
11 Is a graph of examples of tilt angles of the planes of tight reflection portions of the lighting apparatus according to 
the present embodiment. 

[0069] This embodiment is characterized mainly In that tilt angles G(n) of the planes of light reflection portions are 
set so that light is incident from LEDs 12a, 12b directly on all of the light reflection portions 20c, and the light is totally 

20 reflected on the light reflection portions 20c to exit from the exit side of a linear photoconductor 14. 

[0070] The lighting apparatus according to the first and the second embodiments includes light reflection portions 
20a having tilt angles e(n) set so that light totally reflected on the plane on the exit side of the linear photoconductor 
1 4 Is totally reflected further, and also light reflection portions 20b having tilt angles 0(n) set so that light incident directly 
from the LEDs 12a, 12b is totally reflected. 

25 [0071] In contrast to this, in the present embodiment, as shown In FIG. 10, tilt angles G(n) of the planes of light 
reflection portions 20c are set so that all the light reflection portions 20c totally reflect light incident directly from an 
LED 12a and an LED 12b. The light reflection portions 20c are fomried in a plural number on the reflection side of the 
linear photoconductor 14, but not all are shown in FIG. 10. 

[0072] In this case, tilt angles e(n) of the planes of the light reflection portions 20c may be set by using Fonnula 4 or 
30 Fonnula 6. 

[0073] Next, examples of set values of tilt angles e(n) of the planes of the light reflection portions of the lighting 
apparatus according to the present embodiment will be explained with reference to FIG. 11 . FIG. 11 Is a graph of the 
example of tilt angles e(n) of the planes of the light reflection portions, which were given by the above-described fomnula. 
Distances X(n) from the end surfaces of the linear photoconductor 14 to the light reflection portions 20c are shown on 
35 the horizontal axis. Tilt angles e{n) of the planes of the light reflection portions 20c are shown on the vertical axis. 
[0074] In the present embodiment, the tilt angles e(n) were calculated under the same conditions as in the first 
embodiment. 

[0075] Even with tilt angles G(n) of the planes of the light reflection portions 20c thus set, exit angles Goi/r(n) of the 
light rays exiting from the linear photoconductor 14 are all 0 degrees, and substantially the same light intensity distri- 
40 bution as those of the first and the second embodiments can be provided. Accordingly, the present embodiment can 
likewise realize good display characteristics. 

[A Fourth Embodiment] 

45 [0076] The lighting apparatus according to a fourth embodiment of the present invention will be explained with ref- 
erence to FIGs. 12 to 14. FIG. 12 is a plan view of the lighting apparatus according to the present embodiment. FIG. 
13 is a graph of example of tilt angles of the planes of light reflection portions of the lighting apparatus according to 
the present embodiment. FIG. 14 Is a graph of a light intensity distribution of the lighting apparatus according to the 
present embodiment. 

so [0077] This embodiment is characterized mainly in that the linear photoconductor 14 is longitudinally divided into a 
plurality of regions 22a, 22b, 22c, and tilt angles of the planes of a plurality of light reflection portions 20d-20f respectively 
formed in the divided regions (subregions) 22a, 22b. 22c are set to be the same among the divided regions 22a, 22b, 
22c. 

[0078] A number of the light reflection portions 20d-20f are fornied on the reflection side of the linear photoconductor 
55 14, but only a few are shown In FIG, 12. 

[0079] In the region 22c containing the center of the linear photoconductor 1 4, a tilt angle Gq of the planes of the light 
reflection portions 20f Is set with respect to the central position U2 of the linear photoconductor 14 as a standard. A 
tilt angle Gq of the planes of the light reflection portions 20f is set so that light totally reflected on the plane of the exit 
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side of the linear photoconductor 1 4 exits from the exit side of the linear photoconductor 1 4. Then, the following fonnula 
Is given. 



tan(2.eo)=-3- 



(7) 



[0080] By transforming Formula 7, a tilt angle Oq of the planes of the light reflection portions 20f Is given by the 
10 following formula. 



15 



20 



tan 



: 2 

It 

2 y 



...(8) 



25 



[0081] In the region 22a near the end of the linear photoconductor 1 4, a tilt angle e'o of the planes of the light reflection 
portions 20d Is set with a position of U6 of a distance from the ends of the linear photoconductor 14 set as a standard. 
A tilt angle G q of the planes of the light reflection portions 20d is set so that light incident directly on the light reflection 
portions 20d from the LED 1 2a is totally reflected on the light reflection portions 20d and exits from the exit side of the 
linear photoconductor 14. The following fonmuia is given. 



30 



tan(2.0'o)=-^ 



(9) 



2^ 



35 



[0082] By transfonning Formula 9. a tilt angle &q of the planes of the light reflection portions 20d is expressed by 
the following fomnula. 



40 



tan"^ 



2 

It 

2 



(10) 



45 



[0083] Here, when Fonnula 8 and Fomiula 1 0 are compared with each other, a value of AL is very small, and AL and 
3 AL are ignorable. The following fonnula is given. 



50 



eQ=G'Q 



(11) 



55 



[0084] Accordingly, in the region 22a near the ends of the linear photoconductor 14 as well, a tilt angle Gq of the 
planes of the light reflection portions 20d may be set by using Fonnula 8. Thus, in the present embodiment, a tilt angle 
of the planes of the light reflection portions 20f containing the center of the linear photoconductor 14, and a tilt angle 
of the planes of the light reflection portions 20d of the region 22a near the ends of the linear photoconductor 14 may 
be equally set to be %. 

[0085] In the region 22b between the region 22a and the region 22c, a tilt angle of the planes of the light reflection 
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portions 20e is set with a position (X^) of the center of the region 22b set as a standard. A tilt angle 6^ of the planes 
of the light reflection portions 20e is set so that light incident directly on the light reflection portions 20e from the LED 
12a is totally reflected on the light reflection portions 20e and exit from the exit side of the linear photoconductor 14. 
Then the following fonfnula is given. 



tan(2.e0=^|-^ (12) 
2^ 



[0086] By transfomning Fonmula 12, a tilt angle 8^ of the planes of the light reflection portions 20e is expressed by 
the following fomiula. 



tan"" 



. 2 



(13) 



[0087] Examples of set values of tilt angles of the planes of the light reflection portions of the lighting apparatus 
according to the present embodiment will be explained with reference to FIG. 13. FIG. 13 is a graph of the examples 
of tilt angles 6 of the planes of the light reflection portions given by using the above-described formula. Distances X(n) 
from the end surfaces of the linear photoconductor to the light reflection portions are shown on the horizontal line. Tilt 
angles 6 of the planes of the light reflection portions are shown on the vertical axis. 
[0088] The same conditions as before were again used for calculating the tilt angles 6(n). 

[0089] When tilt angles Sq, of the planes of the light deflection portions 20d-20f are set by using Formula 8 and 
Fomriula 13, the light intensity distribution shown in FIG. 13 can be obtained. FIG. 13 is a graph of an example of the 
light intensity distribution of the lighting apparatus according to the present embodiment. Positions with respect to the 
center of the linear photoconductor 14 are shown on the horizontal axis. Light intensities produced when the liquid 
crystal display is viewed at a distance of 350 mm are shown on the vertical axis. 

[0090] In the present embodiment, because tilt angles Gq, 8i of the planes of the light reflection portions 20d, 20e, 
20f are uniformly the same among the divided regions 22a, 22b, 22c, as positions of the light reflection portions 20d, 
20e, 20f become further from the standard positions L/2, X^, L/6, exit angles at which light exit from the linear photo- 
conductor 14 gradually become larger. Thus, the present embodiment provides the light intensity distribution shown 
in FIG. 14. 

[0091] As seen in FIG. 1 4, the present embodiment cannot make the light intensity distribution as uniform as the first 
to the third embodiments, but in comparison with that of the proposed lighting apparatus shown in FIG. 29, the light 
intensity distribution of this embodiment is far more uniform. 

[0092] As described above, it is one major characteristic of the lighting apparatus according to the present embod- 
iment that the linear photoconductor 14 is longitudinally divided in a plurality of regions 22a, 22b, 22c, and tilt angles 
of the planes of the light reflection portions 20d-20f are set to be the same among the sub-regions 22a, 22b, 22c. 
[0093] Setting tilt angles of the light reflection portions corresponding to positions of the light reflection portions as 
in the first to the third embodiments will increase costs of preparing a mould or the like for forming the linear photo- 
conductor 

[0094] in contrast to this, according to the present embodiment, tilt angles of the planes of the light reflection portions 
20d. 20e, 20f are set at two Idnds Oq and 6^, and are very few. This makes it possible to reduce costs of preparing a 
mould, etc. for casting the linear photoconductor. As described above, the lighting apparatus according to the present 
embodiment can provide a unifomi light intensity distribution simply and at low cost 

[A Fifth Embodiment] 

[0095] The lighting apparatus according to a fifth embodiment of the present invention will be explained with reference 
to FIGs. 15 to 17. FtG. 15 is a plan view of the lighting apparatus according to the present embodiment. FIG. 16 is a 
graph of examples of tilt angles of the planes of light reflection portions of the lighting apparatus according to the 
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present embodiment. FIG. 17 is a graph of the light intensity distribution of the lighting apparatus according to the 
present embodiment. 

[0096] The lighting apparatus according to the present embodiment is characterized mainly In that a linear photo- 
conductor 14 Is longitudinally further divided than that of the fourth embodiment. Tilt angles of the planes of a plurality 
5 of light reflection portions 20d. 20f , 20g, 20h formed respectively in the regions 22a, 22c, 22d, 22e are set to be the 
same among the divided regions 22a, 22c, 22d, 22e. 

[0097] The light reflection portions 20d, 20f , 20g, 20h are fomied respectively in large numbers on the reflection side 
of the linear photoconductor 14, but only a few are shown in FIG. 15. 

[0098] In the region 22d, a tilt angle 9^ of the planes of light reflection portions 20g Is set with a position Xqi which 
10 is the center of the region 22d set as a standard. 

[0099] A tilt angle 0^ of the planes of the light reflection portions 20g is set so that light incident directly on the light 
reflections 20g from an LED 12a is totally reflected from the planes of the light reflection portions 20g and exits from 
the exit side of the linear photoconductor 14. Then the following fonnula is given. 



15 



tan{2.ei)=^|-^ (14) 



20 [0100] By transforming Fomnula 14, a tilt angle 8^ of the planes of the light reflection portions 20g is expressed by 
the following fomnula. 
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[0101] In the region 22h, a tilt angle 82 of the planes of the light reflection portions 20h is set with a position X^g of 
the center of the region 22h set as a standard. A tilt angle 63 of the plane of the light reflection region 20h is set so that 
35 light totally reflected on the exit side of the linear photoconductor 14 Is further totally reflected and exits from the exit 
side of the linear photoconductor 14. Then, the following fonmula is given. 

tan{2.Q^)=—^ (16) 

[0102] By transforming Fonnula 1 6, a tilt angle 62 of the planes of the light reflection portions 20h is expressed by 
the following fonnula. 

45 



50 



tsmT 



C2 



,(17) 



55 



[0103] Next, examples of set values of tilt angles of the planes of the light reflection portions of the lighting apparatus 
according to the present embodiment will be explained with reference to FIG. 1 6. FIG. 1 6 is a graph of the examples 
of tilt angles of the light reflection portions given by using the above-described formula. Distances X(n) from the end 
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surfaces of the linear photoconductor and the light reflection portions are shown on the horizontal axis. Title angles of 
the planes of the light reflection portions are shown on the vertical axis. 

[0104] Once again, the tilt angles e(n) were calculated under the same conditions as in the first embodiment. 
[0105] In the present embodiment, tilt angles Qq, e^, 63 of the planes of the light reflection portions 20d, 20f, 20g, 
5 20h are uniformly set to be the same among the divided regions 22a. 22c, 22d, 22e. Accordingly, as positions of the 
light reflection portions 20d, 20f, 20g, 20h become further from the standard positions L/2, X^;^, Xq2> L/6, exit angles 
at which tight rays exit from the linear photoconductor 14 gradually become larger. Thus, the present embodiment has 
the light intensity distribution shown in FIG. 17. 

[0106] As seen in FIG. 17, in comparison with the light intensity distribution of the lighting apparatus according to 
10 the fourth embodiment shown in FIG. 14, the light Intensity distribution of the present embodiment has a smaller dif- 
ference between a high light intensity and a low light intensity. 

[0107] Based on this, according to the present embodiment, in comparison with the fourth embodiment, a difference 
between a high light intensity and a low light intensity can be small. 

[0108] As described above, according to the present embodiment, because the photoconductor is longitudinally 
IS divided into smaller regions than in the fourth embodiment, a difference between a high light intensity and a low light 
intensity can be smaller in comparison with that of the fourth embodiment. 

(Modification) 

20 [0109] The lighting apparatus according to a modification of the present invention will be explained with reference 
to FIG. 18. FIG. 18 is a ptan view of the lighting apparatus according to the present modification. 
[0110] The lighting apparatus according to the present modification is mainly characterized in that in a bordering 
region between a region 22d and a region 22e, a light reflection portion 20g having a tilt angle 6^ and a light reflection 
region 20h having a tilt angle 62 are alternately formed, whereby an extreme light Intensity difference at the border 

25 between the region 22d and the region 22e can be prevented. 

[A Sixth Embodiment] 

[01 1 1] The lighting apparatus according to a sixth embodiment of the present invention will be explained with refer- 
30 ence to FIG. 1 9. FIG. 1 9 is a plan view of the lighting apparatus according to the present embodiment. 

[0112] In this embodiment, a reflection means 24 which is separate from the linear photoconductor 14 is disposed 
on the reflection side of the linear photoconductor 14, i.e., the side where light reflection portions 20 are fornied, as 
shown in FIG. 19. The reflection means 24 can be a holder or similar of aluminum covering at least the reflection side 
of the linear photoconductor 1 4. 
3s [0113] In the first to the fifth embodiments, the reflection coating 20 is fomied on the reflection side of the linear 
photoconductor 14 to prevent light from leaking out of the linear photoconductor 14. However, in the present embod- 
iment, the reflection means 24 disposed separate from the linear photoconductor 1 4 retums into the linear photocon- 
ductor 14 light leaking from the reflection side of the linear photoconductor 14. 

[0114] Thus, the reflection means 24 provided in place of the reflection coating 20 can return into the linear photo- 
40 conductor 14 light leaking from the reflection side of the linear photoconductor 14, whereby reduction in brightness 
due to light leakage is avoided. 

[01 1 5] As described above, it is not essential to form the reflection coating on the reflection side of the linear photo- 
conductor 14. As in the present embodiment, the reflection means 24 may be provided separate from the linear pho- 
toconductor 14. 

45 

[A Seventh Embodiment] 

[0116] The lighting apparatus according to a seventh embodiment of the present invention will be explained with 
reference to FIG. 20. FIG. 20 is a perspective view of the lighting apparatus according to the present embodiment. 
50 [0117] The lighting apparatus according to the present embodiment is characterized mainly in that light reflection 
portions 20] are obliquely extended longitudinally in a linear photoconductor 14. 

[0118] In the lighting apparatus according to the first to the sixth embodiments, the light reflection portions 20 are 
perpendicularly extended longitudinally in the linear photoconductor 14. In the present embodiment, however, the light 
reflection portions 20j are obliquely extended longitudinally in the linear photoconductor 1 4. In this way the light Intensity 
55 distribution can be made further uniform. 
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[An Eighth Embodiment] 

[0119] The lighting apparatus according to an eighth embodiment of the present invention will be explained with 
reference to FIG. 21. FIG. 21 is a plan view of the lighting apparatus according to this embodiment, in which the 
5 reflection side of a linear photoconductor 14a, i.e., the side where light reflection portions 20 are formed, Is curved. 
[01 20] In the lighting apparatus according to the first to the seventh embodiments, light from the LEDs 1 2a, 1 2b can 
be often hindered from entering those of the light reflection portions 20 remote from the LEDs 12a, 12b, by the other 
light reflection portions 20. 

[0121] In contrast to this, according to the present embodiment, because the reflection side of the linear photocon- 
10 ductor 14a is curved, light can be incident even on those of the light reflection portions 20 remote from the LEDs 12a, 
1 2b without being hindered by the other light reflection portions 20. Thus, the lighting apparatus according to the present 
embodiment can provide an even more uniform light intensity distribution. 

[A Ninth Embodiment] 

15 

[01 22] The lighting apparatus according to a ninth embodiment of the present invention will be explained with refer- 
ence to FIG. 22. FIG. 22 is a plan view of the lighting apparatus according to the present embodiment. 
[0123] The lighting apparatus according to the present embodiment is characterized mainly in that the areas of light 
reflection portions 20 are increased for the portions 20 remoter from LED 12a, 12b, i.e., grooves fomning the light 

20 reflection portions 20 are deeper as the grooves are remoter from the LEDs 12a, 12b. 

[01 24] As shown in FIG. 22. grooves fomiing light reflection portions 20, which are near LEDs 1 2a, 12b have a depth 
set to be d^, and as grooves forming the light reflection portions 20 lie further from the LEDs 12a, 12b, their depths 
are larger. At the center of the linear photoconductor 14a, the groove fomiing the light reflection portions 20 has a 
depth 62 which is larger than the depth d.,. 

25 [0125] In the lighting apparatus according to the first to the seventh embodiments, light from the LEDs 12a, 12bcan 
be often hindered from entering those of the light reflection portions 20 remote from the LEDs 12a, 12b, by the other 
light reflection portions 20. 

[0126] In contrast to this, In the present embodiment, the width of the planes of the light reflection portions 20 is 
increased with distance from the LEDs 12a, 12b, whereby light can be incident on even those of the light reflection 
30 portions 20 remote from the LEDs 12a, 12b without being hindered by the other light reflection portions 20. 

[A Tenth Embodiment] 

[0127] The lighting apparatus according to a tenth embodiment of the present invention will be explained with refer- 
35 ence to FIG. 23. FIG. 23 is a perspective view of the lighting apparatus according to the present embodiment. 

[01 28] The lighting apparatus according to the present embodiment is characterized mainly in that a region of a linear 
photoconductor 1 4 on the reflection side thereof is divided into upper and a lower stages, i.e., the linear photoconductor 
14 on the reflection side thereof is divided perpendicularly to its longitudinal direction, and tilt angles of light reflection 
portions 20k in the upper region 22f are unifonmly set to be Oq, and tilt angles of light reflection portions 221 in the lower 
40 region 22g are uniformly set to be 6., . 

[0129] In the lighting apparatus according to the fourth and the fifth embodiments, the linear photoconductor 14 is 
longitudinally divided into sub-regions, but in the present embodiment, the linear photoconductor 14 is divided in a 
plurality of upper and lower regions, i.e., the linear photoconductor 1 4 is divided transversely to its longitudinal direction. 
[01 30] Even in the case that the linear photoconductor Is thus divided vertically in a plurality of regions, a light Intensity 
45 distribution can be made unlfonn even when tilt angles of the light reflection portions of the divided regions are set to 
be unifomrily the same. 

[An Eleventh Embodiment] 

50 [0131] The lighting apparatus according to an eleventh embodiment of the present invention will be explained with 
reference to FIGs. 24 and 25. FIG. 24 is a perspective view of the lighting apparatus according to the present embod- 
iment. FIG. 25 is a graph of examples of tilt angles of the planes of the right reflection portions of the lighting apparatus 
according to the present embodiment. 

[0132] The lighting apparatus according to the present embodiment is characterized mainly in that V-shaped grooves 
55 fomning light reflection portions 20m, 20n have the same configuration, and the light reflection portions 20m disposed 
on the left side of the center of a linear photoconductor 14 as viewed in the drawing have the planes on the left side 
as viewed In the drawing set at a tilt angle \(n) so that light emitted by an LED 1 2a disposed on the left side as viewed 
in the drawing exit vertically to the longitudinal direction of the linear photoconductor 1 4, and the light reflection portions 
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20n disposed on the right side of the center of the linear photoconductor 14 as viewed in the drawing have the planes 
on the right side as viewed in the drawing set at a tilt angle eR(n) so that light emitted by an LED 12b disposed on the 
right side as viewed in the drawing exit vertically to the longitudinal direction of the linear photoconductor 14. 
[0133] Large numbers of portions 20m and 20n are formed on the reflection side of the linear photoconductor 14, 

5 but only a few are shown in FIG. 24. 

[0134] As shown In FIG. 24, the light reflection portions 20m fomned on the left side of the center of the linear pho- 
toconductor 14 (as viewed in the drawing) have their left-side planes set at a tilt angle 6^(n), so that light emitted by 
the left-hand LEO 12a Is reflected at the left-side planes of the light reflection portions 20m, and exits perpendicularly 
to the longitudinal direction of the linear photoconductor 14. 

10 [0135] A tilt angle OJn) of the planes of the light reflection portions 20m on the left side as viewed in the drawing 
may be set by, e.g., the above-described Fomiula 2 or Fomiula 4. In this case, the end surface of the linear photocon- 
ductor 14 on the left side as viewed in the drawing is the standard for a distance X(n). 

[01 38] On the other hand, as shown in FIG. 24, the light reflection portions 20n fonned on the right side of the center 
of the linear photoconductor 14 have their right-side planes set at a tilt angle Qf^(n) so that light emitted by the right- 
/5 hand LED 12b is reflected on the right-side planes of the light reflection portions 20n and exits perpendicularly to the 
longitudinal direction of the linear photoconductor 14. 

[0137] A tilt angle ep(n) of the planes of the light reflection portions 20n on the right side as viewed in the drawing 
may be set by, e.g., the above-described Formula 2 or Formula 4. In this case, the end surface of the linear photocon- 
ductor 14 on the right side as viewed in the drawing is the standard for a distance X(n). 
20 [0138] Angles 6p formed by the planes of the V-shaped grooves forming the light reflection portions 20m, 20n are 
the same. 

[0139] In the present embodiment, included (subtended) angles Op fomied by the planes of the V-shaped grooves 
forming the light reflection portions are the same. A tilt angle of the planes on the right side, as viewed in the drawing, 
of the light reflection portions 20m is an angle given by subtracting a tilt angle GL(n) and an included angle Op from 180 
25 degrees. Accordingly, light incident on the planes on the right side of the light reflection portions 20m as viewed in the 
drawing from the LED 12b does not always exit vertically to the longitudinal direction of the linear photoconductor 14. 
[0140] However, without any special problem, light emitted by the LED 12b is reflected on the planes on the right 
side, as viewed In the drawing, of the light reflection portions 20n and exits vertically to the longitudinal direction of the 
linear photoconductor 14. 

30 [0141] In the present embodiment, because included angles Gp of the planes of the V-shaped grooves fonming the 
light reflection portions are set to be the same, a tilt angle of the planes on the left side, as viewed in the drawing, of 
the light reflection portions 20n is an angle given by subtracting a tilt angle eF,(n) and an included angle Gp from 180 
degrees. Thus, light incident on the planes on the left side, as viewed in the drawing, of the light reflection portions 
20n does not always exit perpendicularty to the longitudinal direction of the linear photoconductor 14. 

35 [0142] However, without any special problem, light incident from the LED 12a is reflected on the planes on the left 
side, as viewed in the drawing, of the light reflection portions 20m and exits perpendicular to the longitudinal direction 
of the linear photoconductor 14. 

[0143] Next, examples of set values of the tilt angles of the planes of the light reflection portions of the lighting 
apparatus according to the present embodiment will be explained with reference to FIG. 25. FIG. 25 is a graph of the 
40 examples of tilt angles of the light reflection portions, given by the above-described formula. Distances X(n) from the 
end surfaces of the linear photoconductor and the light reflection portions are shown on the horizontal axis. Tilt angles 
of the planes of the light reflection portions are shown on the vertical axis. 

[0144] The tilt angles were calculated under the conditions that the display size was 2 inches, display screen width 
was 35 mm, number of the light reflection portions 20 was 170, pitch of the light reflection portions 20 was 0.21 mm. 
45 thickness t of the linear photoconductor 14 was 3 mm, length L of the linear photoconductor 14 was 37 mm, distance 
AL between the LEDs 1 2a, 12b and the linearphotoconductor14 was 0 mm, refractive index of the linear photoconductor 
14 was 1 .51 , and distance viewer to screen was 350 mm. 

[0145] According to the present embodiment, the V-shaped grooves fomning the light reflection portions 20m, 20n 
have the same configuration. Accordingly, one kind of cutting toot for fonming a mould, etc. to manufacture linear 
so photoconductor 14 can be used. Thus, according to the present embodiment, the mould, etc. can be fonned at low 
cost, whtoh makes it possible to provide at low cost the lighting apparatus which can provide a unlfonn light intensity 
distribution. 

[A Twelfth Embodiment] 

55 

[0146] The liquid crystal display according to a twelfth embodiment of the present invention will be explained with 
reference to FIG. 26. FIG. 26 is a perspective view of the liquid crystal display according to the present embodiment. 
[0147] The liquid crystal display according to the present embodiment comprises a combination of the lighting ap- 
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paratus according to any one of the first to the eleventh embodiments, and a reflection-type liquid crystal panel. 
[01 48] As shown in FIG. 26, the lighting apparatus 1 0 according to any one of the first to the eleventh embodiments 
is provided on a reflection -type liquid crystal panel 26. 

[0149] Light exiting from the linear photoconductor 14 of the lighting apparatus 10 is incident on the reflection-type 
5 liquid crystal panel 26 via the surface photoconductor 1 6, is reflected on a min-or (not shown) disposed In the reflection- 
type liquid crystal panel 26, and enters the viewer's eye. In the present embodiment, the lighting apparatus 1 0 functions 
as a front light. 

[01 50] According to the present embodiment, the liquid crystal display uses the lighting apparatus according to any 
one of the first to the eleventh embodiments, whereby the reflection-type liquid crystal panel can be illuminated with a 
10 uniform light intensity. Accordingly, the liquid crystal display according to the present embodiment can have good 
display characteristics. 

[A Thirteenth Embodiment] 

15 [0151] The liquid crystal display according to a thirteenth embodiment of the present Invention will be explained with 
reference to FIG. 27. FIG. 27 is a perspective view of the liquid crystal display according to the present embodiment. 
[0152] The liquid crystal display according to the present embodiment comprises a combination of the lighting ap- 
paratus according to any one of the first to the eleventh embodiments, and a transmission-type liquid crystal panel. 
[01531 As shown in FIG. 27, a transmission -type liquid crystal panel 26 is provided on the lighting apparatus 10 

20 (backlight) according to any one of the first to the eleventh embodiments. 

[01 54] Light exiting from the linear photoconductor 1 4 is incident on the transmission-type liquid crystal panel 28 via 
the surface photoconductor 1 6, transmitted by the transmission-type liquid crystal panel 28, and incident on the human 
eye. 

[0155] As described above, according to the present embodiment, the liquid crystal display using the transmission- 
's type liquid crystal panel can provide good display characteristics. 

[Modifications] 

[0156] The present invention is not limited to the above-described embodiments and can cover other various mod- 

30 ifications. 

[0157] For example, in the tenth embodiment, the linear photoconductor is divided into upper and lower regions. 
However, the linear photoconductor may be divided into more than two regions, whereby further unifomi light intensity 
distributions can be obtained. However, as more regions are provided, a larger number of set angles of light reflection 
portions are required. Accordingly, it Is preferable to set a suitable number of regions in consideration of a required 
35 uniform tight Intensity distribution and allowable costs. 



Claims 

40 1 . A lighting apparatus comprising a light source for emitting light, and a linear photoconductor for reflecting the light 
incident on a plurality of light reflection portions fornied on a reflection side from the light source, and causing the 
light to exit linearly from an exit side opposed to the reflection side, 

planes of the plurality of light reflection portions being tilted at angles which converge the light to a viewer's 

eye. 

45 

2. A lighting apparatus comprising a light source for emitting light, and a linear photoconductor for reflecting the light 
Incident on a plurality of light reflection portions fonned on a reflection side from the light source, and causing the 
light to exit linearly from an exit side opposed to the reflection side, 

planes of the plural light reflection portions being respectively tilted so that the light exits substantially per- 
50 pendicular to the longitudinal direction of the linear photoconductor. 

3. A lighting apparatus according to claim 1 or 2, wherein 

the plural light reflection portions are similar V-shaped grooves, one side of which fonm the planes of the light 
reflection portions. 

55 

4. A lighting apparatus according to claim 1 , 2, or 3, wherein 

the linear photoconductor Is longitudinally divided into a plurality of regions; and 

In each divided region, the planes of the plural light reflection portions are tilted at the same angle. 
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5. A lighting apparatus according to claim 4, wherein 

the planes of the plural light reflection portions are tilted at the sanne angles in a region containing the center 
of the linear photoconductor and in the regions near the ends of the linear photoconductor. 

6. A lighting apparatus according to claim 4, wherein 

in a first longitudinaliy divided region of the linear photoconductor, the planes of the tight reflection portions 
are tilted equally at a first angle; 

in a second region adjacent to the first region, the planes of the light reflection portions are tilted equally at 
a second angle which is different from the first angle; and 

in a region near the border between the first region and the second region, the light reflection portions having 
the planes tilted at the first angle and the light reflection portions having the planes tilted at the second angle are 
mixed. 

7. A lighting apparatus according to claim 1 , 2, or 3, wherein 

the linear photoconductor Is divided into a plurality of regions perpendicularly to the longitudinal direction; and 
in each divided region, the planes of the plural light reflection portions are tilted at the same angle. 

8. A lighting apparatus according to claim 1 , 2, or 3, wherein 

the light reflection portions extend obliquely to the longitudinal direction of the linear photoconductor 

9. A lighting apparatus according to claim 1 , wherein 

the planes of the plural light reflection portions are respectively tilted at angles which converge the light 
emitted substantially from the center of the light source to the viewer's eye. 

10. A lighting apparatus according to claim 2, wherein 

the planes of the plural light reflection portions are respectively tilted at angles which cause the light emitted 
substantially from the center of the light source to exit substantially perpendicular to the longitudinal direction of 
the linear photoconductor. 

11. A lighting apparatus according to any preceding claim, further comprising 

a surface photoconductor optically coupled to the linear photoconductor, for causing the light entering from 
the linear photoconductor to exit In plane. 

12. A lighting apparatus according to any preceding claim, wherein 

the linear photoconductor has the reflection side curved. 

13. A lighting apparatus according to any preceding claim, wherein 

the width of one plane of the light reflection portions, and the width of the other plane of the light reflection 
portions are different from each other 

14. A lighting apparatus according to any preceding claim, wherein 

a reflection coating is further formed on the reflection side of the linear photoconductor. 

15. A lighting apparatus according to any of claims 1 to 13, further comprising 

reflection means provided on the reflection side of the linear photoconductor separately from the linear pho- 
toconductor. 

16. A lighting apparatus according to any preceding claim, wherein 

the linear photoconductor is formed substantially in the form of a square-section rod. 

17. A liquid crystal display comprising a lighting apparatus including a light source for emitting light, a linear photo- 
conductor for reflecting light incident on a plurality of light reflection portions formed on the reflection side from the 
light source and causing the light to exit linearly from the exit side opposed to the reflection side, and a surface 
photoconductor optically coupled to the linear photoconductor and causing the light entering from the linear pho- 
toconductor to exit in plane; and a liquid crystal panel illuminated by the lighting apparatus, 

planes of the plural light reflection portions being tilted at an angle which converges the light to a viewer's eye. 

18. A liquid crystal display comprising a lighting apparatus including a light source for emitting light, a linear photo- 
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conductor for reflecting light Incident on a plurality of light reflection portions formed on the reflection side from the 
light source and causing the light to exit linearly from the exit side opposed to the reflection side, and a surface 
photoconductor optically coupled to the linear photoconductor and causing the light entering from the linear pho- 
toconductor to exit in plane; and a liquid crystal panel illuminated by the lighting apparatus, 

planes of the plural light reflection portions being respectively tilted at angles which cause the light to exit 
substantially perpendicular to the longitudinal direction of the linear photoconductor 
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FIG. 3 
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